M ental disorders have consistently been linked with morbidity and mortality across a wide range of chronic and infectious diseases. [1] [2] [3] [4] [5] [6] [7] [8] [9] Given the high degree of medical comorbidity in older adults with mental disorders, 10 understanding the extent to which psychopathology adversely affects disease outcomes in this age group holds particular clinical and public health relevance. Mental disorders may influence the disease process through an array of behavioral, socioeconomic, and biological pathways. For example, behavioral factors commonly linked with mental illnessFincluding smoking, substance abuse, lack of exercise, inadequate sleep, and poor nutritionFmay contribute to disease development and exacerbation. [1] [2] [3] 5, [11] [12] [13] Likewise, socioeconomic factors associated with psychopathologyFsuch as low levels of education, low socioeconomic status, and unemploymentFmay obstruct people's ability to obtain adequate health insurance, limiting their access to prevention and screening services, clinical care, and aftercare. 1, 5, 8, 14 Biological mechanisms, including the effect of stress and depression on the hypothalamic-pituitaryadrenal axis, 1, 4 and the metabolic consequences of many psychotropic medications 5, 15 may also have a direct effect on the disease process. Additionally, the cognitive and affective manifestations of mental illness may inhibit individuals' ability to navigate the complexities of the modern healthcare system. 1, 16 Finally, mental disorders may affect treatment recommendations. Because of concerns about compromised informed consent and adverse effects, some medical providers may offer such individuals less-aggressive treatment. 1, 2 Although the link between mental disorders and poor health outcomes is well established, [1] [2] [3] [4] [5] [6] [7] [8] [9] only a handful of studies have examined the extent to which psychopathology affects the treatment and survival of people with cancer. The majority of these investigations have focused on dementia, whichFunlike other mental disordersFoccurs predominantly in old age. One study, for example, reported that individuals with a precancer diagnosis of dementia were less likely to receive invasive diagnostic procedures and curative intent therapies than people with cancer without dementia. 17 Likewise, another study found that people with breast cancer and with dementia were more likely to be diagnosed with cancer at a later stage and were less likely to receive surgery or chemotherapy than those without dementia. 18 A previous study of older people with cancer found that having a preexisting diagnosis of dementia was significantly associated with lower overall and cancerspecific survival. 19 In contrast to these studies, little information is available on the effect that other mental disorders, such as depression, 4 may have on the treatment and survival of older people with cancer.
Given the distinct behavioral and biological pathways associated with each major mental disorder, understanding the extent to which all major mental disordersFincluding depression, schizophrenia, substance use disorder, and dementiaFcollectively and independently contribute to the adverse health outcomes of older people with cancer is important. Behavioral factors that result in delays in diagnosis and less than optimal treatment 20, 21 may particularly affect people with colon cancer, which is the second-leading cause of cancer-related death in the United States. 22 The purpose of this study, therefore, was to examine the independent and aggregate effects of a preexisting diagnosis of any major mental disorder on stage of cancer diagnosis, receipt of treatment, and survival in older adults with colon cancer.
METHODS

Data Sources
Surveillance, Epidemiology and End Results (SEER)-Medicare linked data were used for this study. 23 The SEER program supports population-based cancer registries covering 25% of the U.S. population. Of people with cancer aged 65 and older listed in the SEER database, 93% were matched with their Medicare enrollment records. The SEER-Medicare database includes the following individual-level demographic and cancer-specific variables: age, race, ethnicity, type of cancer, month and year of cancer diagnosis, and extent of cancer (e.g., stage, tumor size or extension, and histological grade). It also includes selected socioeconomic characteristics of the census tract where the individual resided at the time of diagnosis.
The study population consisted of all individuals in the SEER registries diagnosed with colon cancer between January 1, 1993, and December 31, 2005, and who linked with Medicare data. Because Medicare claims data were used to identify individuals with a diagnosis of mental illness in the 2 years before colon cancer diagnosis, the subjects were limited to individuals aged 67 and older on January of the year of the colon cancer diagnosis and were enrolled in Medicare Parts A and B for at least 24 continuous months before their first cancer diagnosis. Subjects who were members of a health maintenance organization during the study period were excluded because their claims for medical services may not have been completed. This yielded a total of 80,670 eligible individuals. For the survival analyses, all individuals who were diagnosed at autopsy were excluded (n 5 1,591), yielding 79,079 participants.
Measures
Sociodemographic characteristics, including age at diagnosis, marital status (currently married or not), race and ethnicity (non-Hispanic white, African American, Hispanic American, or other), and the percentage of those living below the poverty line in the census tract, were obtained from the SEER database. Race and ethnicity were self-reported during the initial enrollment with the Social Security Administration. This variable was included in the analyses because cancer treatment and outcomes may vary according to race and ethnicity. The degree of comorbidity per participant was measured using an adaptation of the Charlson Comorbidity Index, 24 using information from the diagnosis codes in hospital and physician claims (inpatient and outpatient) corresponding to a date of service in the year before the cancer diagnosis.
Preexisting diagnoses of psychiatric disorders were identified using diagnosis codes as recorded in the Medicare claims data files during the 2-year period before cancer diagnosis. The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes at any visit and in any position from inpatient, hospital outpatient, and physician claims were used to identify participants with the following diagnoses of psychiatric disorders: all mood disorders (codes 296.0, 296.1, 296.2, 296.3, 296.4, 296.5, 296.6, 296.7, 296.80, 296.81, 296.89, 296.9x, 300. 4 , and other mental disorders that did not fall into the first three categories (codes 290.00-319.99). Colon cancer-specific death was defined as colon cancer listed as the underlying cause of death in SEER. SEER stage at diagnosis was measured using the American Joint Committee on Cancer (AJCC) staging classification. Information on months of survival was provided in SEER.
Statistical Analysis
Differences in proportion were assessed using Pearson chisquare. Logistic regression models were then used to evaluate whether the likelihood of receiving treatment varied as a function of prior diagnosis of mental disorder. The Cox proportional hazards regression model was used to analyze overall and colon cancer-specific survival for mental disorder groups, controlling for age, ethnicity, comorbidity, AJCC stage, and SEER site. Survival time was censored on December 31, 2005. All reported P-values were two-sided, and Po.05 was considered statistically significant. All analyses were performed using SAS version 9.1 (SAS Institute, Inc., Cary, NC).
RESULTS
Of 80,670 participants aged 67 and older diagnosed with colon cancer from 1993 to 2005, 20,699 (25.7%) had a diagnosis of any mental disorder in the 2 years preceding their colon cancer diagnosis (Table 1) . Participants with mental disorders were more likely to be older, female, unmarried, and living in a census tract with a high proportion of persons below the poverty line and to have a higher degree of comorbidity.
Participants with and without mental illness demonstrated substantially different distributions of stage at diagnosis and diagnosis at autopsy (Table 2) . Specifically, participants with a mental disorder were significantly more likely to have been diagnosed with colon cancer at an unknown stage (14.6%) than were those without a mental disorder (6.2%) (Po.001). This finding persisted across each of the mental disorder subgroups (for each comparison, Po.001) and was particularly pronounced in participants with psychotic disorders (22.9%) and those with dementia (24.3%). Likewise, participants with mental disorders were more likely to have been diagnosed at autopsy (4.4%) than those without a mental disorder (1.1%) (Po.001). Again, this finding persisted across all five subgroups (for each comparison, Po.001) and was particularly high in participants with a preexisting diagnosis of a psychotic disorder (7.5%) and those with a diagnosis of dementia (8.1%). Table 3 presents unadjusted and adjusted estimates of the effects of each mental disorder on the likelihood of receiving no treatment (in all people with colon cancer) and the likelihood of receiving no chemotherapy (in participants with Stage 3 colon cancer). All analyses were restricted to participants who survived at least 6 months after diagnosis. Of all people with colon cancer (n 5 61,942), those with mental disorders were at greater risk of nonreceipt of treatment (6.8% vs 2.6%); participants with a psychotic disorder (12.6%) and those with dementia (13.3%) had particularly high rates of receiving no treatment. Likewise, participants with Stage 3 colon cancer (n 5 15,319) with mental disorders (54.6%) were at greater risk than those without mental disorders (38.7%) of receiving no chemotherapy. As reported above, participants with a psychotic disorder (72.6%) and those with dementia (78.9%) had especially high rates of receiving no chemotherapy. Table 4 presents unadjusted and adjusted hazard ratios (HRs) of mortality (from colon cancer and from all causes) associated with each mental disorder. These analyses were conducted on the cohort members whose cancer was not diagnosed at autopsy (n 5 79,079). Model 1 adjusts for age, race and ethnicity, sex, marital status, SEER region, income, and year of diagnosis; Model 2 adjusts for the presence of comorbid disease and cancer stage at diagnosis in addition to the variables included in Model 1. All adjusted and unadjusted estimates show that a preexisting diagnosis of any mental disorder, mood disorder, psychotic disorder, dementia, substance abuse or dependence disorder, and ''other mental disorder'' were associated with greater Chi-square analyses used to assess difference between those with no mental disorder and those with any mental disorder.
mortality from all causes; all except mood disorders and ''other mental disorders'' were associated with greater colon cancer-specific mortality. Finally, assessment of all unadjusted and adjusted HRs shows that the presence of dementia was the strongest predictor of death from all causes and from colon cancer.
To assess whether receipt of treatment mediated the association between mental disorders and overall and colon cancer-specific mortality, 14,886 individuals diagnosed with Stage 3 colon cancer who had survived a minimum of 6 months following diagnosis were examined. These analyses were restricted to people with Stage 3 cancer because receipt of definitive treatment is highly variable and difficult to define at other stages of colon cancer. In the Cox proportional hazards models, the association between mental disorders and overall and colon cancer-specific survival were not attenuated after adding the variable receipt of chemotherapy to the models (data not shown).
To examine the validity of the findings, all bivariate and multivariate analyses were repeated using more-stringent selection criteria to define mental health conditions. Specifically, two or more instances of an ICD-9-CM code for a given mental health condition were required. Each of these analyses showed the same direction, magnitude, and statistical significance as those previously described.
DISCUSSION
The effect of mental illness on health and health care in the United States represents a critically important area of research. [1] [2] [3] [4] [5] [6] [7] [8] Numerous studies have examined the biological, behavioral, and social pathways of this association, focusing primarily on cardiovascular, pulmonary, and infectious disease outcomes. [1] [2] [3] 5 The current studyFthe first population-based investigation to assess the effects of all major mental disorders on cancer treatment and outcomesFshowed that older adults with colon cancer and a preexisting mental disorder had a greater likelihood of being diagnosed at an unknown stage of cancer or being diagnosed at autopsy; they also had higher rates of nontreatment and lower overall and colon cancer-specific survival rates than their mentally healthy counterparts. These findings persisted even after adjustment for sociodemographic characteristics, comorbid disease, and stage at diagnosis. It was also observed that psychotic disorders and dementia had particularly strong adverse effects on colon cancer diagnosis, treatment, and survival. It is likely that these findings reflect the profound degree of symptomatologyFincluding cognitive impairment, paranoid ideation, disorganized thinking, and severe social impairmentFthat people with these disorders experience.
The finding that participants with mental disorders had a greater likelihood of diagnosis at an unknown stage may be attributable to a number of factors, including psychosocial and economic barriers to medical care, complexity of healthcare needs, and incomplete evaluation. 25 Because complete cancer staging often requires that individuals undergo multiple diagnostic procedures over an extended period of time, individuals with mental disorders may be at greater risk of dropping out of evaluation before staging can be completed. Individuals diagnosed with unknown stage cancer tend to have survival profiles similar to those diagnosed with Stage 4 cancer. 26 The four times greater rate of diagnosis of colon cancer at autopsy in individuals with mental disorders further suggests that such individuals may face significant barriers to accessing routine clinical care. To address the possibility that people with mental disorders were more likely to have undergone an autopsy, whether the frequency of underlying cause of deathFparticularly suicides, homicides, or accidental deathsFvaried according to presence of mental disorder was examined. No such variation in mortality attributable to these causes, colon cancer, or other cancers was found. Stage at diagnosis was also examined in individuals whose colon cancer was diagnosed at autopsy, but the vast majority of such individuals (88%) were classified as unknown stage.
The finding that the presence of a preexisting mental disorder was associated with greater risk of not receiving treatment is consistent with previous reports. A study of more than 24,000 older adults with a diagnosis of breast cancer found that women with a prior diagnosis of depression had a greater likelihood of receiving nondefinitive cancer treatment. 4 Likewise, a study of older adults hospitalized for confirmed acute myocardial infarction reported that individuals with mental disorders were substantially less likely to undergo coronary revascularization Associations between preexisting mental disorders and no treatment (all stages) and no chemotherapy (Stage 3 only) were estimated using logistic regression models that adjusted for age; race and ethnicity; sex; marital status; Surveillance, Epidemiology, and End Results region; income; comorbidity; year of diagnosis; and stage (for no-treatment model only). Analyses were restricted to patients who remained alive and enrolled in Medicare at least 6 months after their date of diagnosis. RR 5 risk ratio.
procedures than those without mental disorders. 2 As mentioned previously, such treatment disparities may be associated with a number of participant and provider characteristics. As an example, impaired communication skills and less motivation associated with some mental disorders may make it difficult for individuals to navigate the healthcare system. 5 The barriers that individuals with psychotic disorders and those with dementia face may be particularly profound. For example, cognitive impairment may significantly complicate the informed consent process, limiting the extent to which providers are willing to recommend certain diagnostic procedures and treatments, including enrollment in clinical trials, for such individuals. 27 Disorganized thinking may hinder a person's ability to follow medical recommendations, such as scheduling follow-up medical appointments or adhering to complex treatment regimens. 5, 27 People with delusions or paranoia may perceive certain clinical procedures, even those that are noninvasive, as threatening. 5 As a result, providers may be apprehensive about providing treatment and may have concerns about the additional time, support staff, and costs such treatment may require.
Individuals with a diagnosis of a mental disorder had lower overall and colon cancer-specific survival rates than those without such a diagnosis. This association remained even after controlling for other factors that might influence survival, such as number of comorbidities, stage at diagnosis, and receipt of treatment. Likewise, in a populationbased study of older women with breast cancer, individuals with a preexisting diagnosis of depression had a higher risk of cancer-related death. 4 As in the current study, this association persisted even when the analysis adjusted for number of comorbid conditions, stage at diagnosis, and receipt of treatment.
A number of behavioral and socioeconomic factors may underlie these findings. For example, persons with mental disorders are more likely to engage in behaviors with adverse health consequences, such as smoking, substance abuse, excessive alcohol consumption, poor nutrition, and poor sleep patterns. 1, 5 These individuals may also be less likely to receive appropriate health screening and treatment and may demonstrate poorer adherence to medical recommendations. 4 All of these factors would increase mortality from other illnesses. Mental illness may also have a direct biological effect on physical health through dysregulation of the hypothalamic-pituitary-adrenal axis. 1 Additionally, a substantial proportion of psychotropic medications may have an adverse effect on physical health. 5 In particular, the second-generation antipsychotic medications are associated with weight gain, diabetes mellitus, insulin resistance, dyslipidemia, and metabolic syndrome. 5, 6, 15 Several factors should be considered when making a decision about recommending aggressive colon cancer treatment for older adults with psychotic disorders or dementia. Such individuals may have a limited understanding of the clinical course of their cancer and may have difficulty assessing the risks and benefits of treatment. For these individuals, especially those without family support, the physical and mental effects of surgery, radiation therapy, and chemotherapy present a number of challenges. Clinicians must weigh the physical and emotional costs of treatment against the possible health benefits in this vulnerable population. This study may have had several limitations. First, because Medicare data were used, and 2 years of data before the diagnosis of cancer was required, the study was limited to individuals aged 67 and older who had Medicare Part A and B coverage. The findings may not be relevant to younger people or to individuals enrolled in Medicare health maintenance organizations. Second, how cancers were diagnosed, that is through screening or on the basis of symptoms, was not assessed. Whether these individuals were living in the community or were institutionalized at the time of diagnosis was also not examined. Third, mental illness was identified using diagnoses listed on the physician's professional charges. This may be an insensitive measure to identify some mental illnesses, such as depression and dementia, that many physicians frequently underrecognize. 19, 28 Moreover, because copayments and coinsurance burdens for mental health treatment of Medicare beneficiaries are substantial (e.g., 45% coinsurance for Part B mental health treatment in 2010), mental illness may be underreported in members of the study cohort who are from low-income backgrounds. Third, people with colon cancer identified from the SEER-Medicare linked database and enrolled in Medicare Part B for a minimum of 2 years may not be reflective of the general population of older adults with colon cancer in the United States. Additionally, sensitivity analyses were conducted in which the definition of mental disorders was restricted to two or more instances of the ICD-9-CM code for a given condition. The direction, magnitude, and statistical significance of the effect estimates observed in these analyses were unaltered. Third, the assessment of socioeconomic status was limited to census tract-level measures of income. Fourth, it is possible that undetected selection bias and residual confounding may have affected the findings. For example, although comorbidity was controlled in the analyses, mental disorders may be associated with other unmeasured health indicators that contribute to the observed effect of mental illness on treatment and survival. In summary, these findings suggest that older adults with colon cancer and a preexisting mental disorder, particularly a psychotic disorder or dementia, may have poorer cancer outcomes. This may be related to the significant challenges such individuals face in accessing cancer treatment, navigating the healthcare system, and managing their cancer. Developing an adequate understanding of the complex behavioral, socioeconomic, and biological pathways that underlie these disparities will require additional studies. Research focusing on medical decision-making, doctor-patient communication, and treatment adherence of older adults with mental disorders will be particularly important. Ultimately, such information will be critical in developing new clinical approaches, such as intensive case management or patient navigator linkage, for improving cancer prevention, screening, and treatment in individuals with mental disorders.
